Abstract: While 'public health medicine' is a specialised field, most medical practitioners practice 'public health' to some extent, e.g., undertaking preventative screening tests or advising individuals about lifestyle interventions. While requirements to demonstrate capability in public health are common to medical education around the world, medical programs face a challenge to integrate public health education and promote health advocacy in an environment where the doctor: patient relationship is at the core of learning. Students who spend part of their medical education working within general practice or community settings have an opportunity to observe and identify issues of public health importance, and to see how they impact at both a personal and a population level. This paper aims to illustrate how a year-long research project can provide an opportunity for medical students to learn about public health issues and methods to investigate them. Analysis was undertaken of the research topics chosen by eight successive cohorts of medical students, representing 519 students, who successfully completed a research project. Over half of the student research projects (51.8%) directly related to Australian national health priority areas of dementia, obesity, arthritis and musculoskeletal conditions, asthma, diabetes, mental health, injury prevention and control, cardiovascular health and cancer control, and a further 28.5% of projects had a specific public health focus, within domains that include lifestyles and health, communicable disease, and healthy growth and development. Researching public health topics in the community setting represents a practical way to engage medical students in learning about public health, and can help to develop their potential to become 'clinician researchers', investigating and understanding issues relevant to their communities.
Introduction
'Public health medicine' is a specialist medical practice particularly addressing the health and care of populations, including the promotion of health and prevention of disease, illness and injury. It also encompasses the assessment of a community's health needs, and provision of services to communities in general and to specific groups therein [1] . Most medical practitioners, and especially generalists, practice 'public health' to some extent, e.g., undertaking preventative screening tests or advising individuals about lifestyle interventions, such as quitting smoking or improving diet and exercise behaviours. Many also practice public health advocacy, actively working to improve the health of a community or population [2] .
Requirements to demonstrate capability in public health are common to medical education around the world. For example, the General Medical Council (GMC) in the United Kingdom has included public health capabilities as part of the attributes of the modern medical graduate [3] . Explicitly, according to the GMC, graduates should be able to "apply to medical practice the principles, method and knowledge of population health and the improvement of health and healthcare" [3] . Furthermore, the UK postgraduate training curricula include a requirement for understanding and applying population health principles, including epidemiology, public health, disease prevention, and environmental and social influences on health [4] . In Australia, the general practice training curriculum describes five domains of general practice required for competent unsupervised practice [5] . The third domain is "population health and the context of general practice" and cites examples that include epidemiology, public health, and prevention. The Canadian Family Medicine residency program includes health advocacy in the form of responding to community needs and identifying ways to promote the health of patients and communities [6] .
Public health relates to the protection of health of entire populations, including at the relatively small local neighbourhood level, or an entire country or global region [7] . The current medical education literature describes a range of academic programs to integrate 'public health' into medical curricula including through community-based activities, often with a research component [8, 9] . A focus on population health in a medical student's placement community is logical as the local populace is where 'public health happens'. In an epidemiological sense, each community has specific, and sometimes unique, demographics, as well as particular local and potentially global health issues and distinct healthcare needs: a community with an over-representation of ageing residents may need to prioritise chronic disease management and access to primary care; in contrast, a community severely affected by drought or high unemployment may be in need of increased access to mental health care.
The role of the general practitioner is not restricted to care for the individual patient but extends to responsibility for the wider population [10, 11] . It is the local environment which is a major determinant of health status [12] . Australian national health priority areas contributing significantly to the burden of disease in Australia include cardiovascular health, mental health and diabetes mellitus [13] . These conditions are frequently encountered in general practice settings, as are health promotion opportunities and screening and prevention strategies [14] . Students who spend part of their medical education within general practice or community settings have an opportunity to observe and identify these issues of public health importance, and their impact at both a personal and a population level. They may also experience opportunities for health advocacy in their communities [2] . While the influence of public health advocacy is well-recognised at national and international levels, exemplified by champions of tobacco control such as Professor Simon Chapman [15] , advocacy by individuals at a local level is equally necessary and important. Doctors and medical organisations still have significant influence in community and political spheres [16] .
The Ottawa Charter for health promotion describes five key action areas, namely building healthy public policy, creating supportive environments for health, strengthening community action for health, developing personal skills, and re-orienting health services [17] . Effective engagement with local communities is essential for health professionals who wish to develop strategies that measurably improve the health and lives of community members [2] . As doctors-in training, medical students on long-term community placements can directly observe, experience and contribute to public health and health promotion in action. Students are in a position to implement policies and guidelines and administer public health services such as vaccination and screening. Moreover, the combination of community-based clinical experiences and a research or evaluation activity can provide students the opportunity to understand how evidence is generated and used for health improvement [18] . Student investigations can include researching community attitudes to health issues, evaluation of new guidelines or programs, surveillance of health status indicators, and development of interventions based on research findings. These activities reflect the importance of the Ottawa Charter for health promotion, particularly in creating supportive environments for health.
In 2010, the Association of American Medical Colleges and the US Centers for Disease Control convened a conference of medical and public health educators and public health practitioners from the US and Canada. The conference, Patients and populations: Public Health in Medical Education, was an opportunity for focused reflection and consideration on the issue of teaching public health and the need for clearly defined principles as medical schools embrace the importance of integrating public health into medical curricula globally [19] . Speakers described the importance of medicine and public health as a continuum and the need for integrated public health and clinical medicine. Importantly, the conference highlighted, and provided insight into, the many challenges associated with integrating public health into medical curricula. These included the low priority of the topic at an institutional level, the perception by students that public health lacks relevance, and the lack of expert faculty staff to teach public health. The conference provided a forum for sharing of innovative curricula models and strategies aimed to integrate public health into medical teaching [19] . Suggestions discussed included integrating public health into existing curricula material rather than developing a new subject; enlisting experienced champion(s) to help develop the content; establish the relevance of public health through experiential learning including community health programs and student-driven research; and realising the value of partnerships with community [20] [21] [22] [23] [24] [25] . Other topics included the place of environmental health in the curriculum, and how to incorporate student assessments of public health [26, 27] .
In light of the above evidence demonstrating the importance attached to graduate attributes of public health knowledge and application, the question then arises: how best can medical educators promote an understanding of public health issues, and public health practice, in a medical education environment where the doctor:patient relationship, at an individual level, is at the core of learning? This paper aims to illustrate how medical student research in a community placement can provide opportunities for students to learn about public health issues and public health practice. Core to student development is a whole class longitudinal integrated community-based clerkship placement and a year-long research project in the placement location.
What Was Done

Public Health Learning Prior to the Longitudinal Community-Based Placement
Before describing the medical students' year-long research activity, it is important to describe the engagement in public health and research skills earlier in the course. Case-based learning is one of the major educational strategies underpinning the four-year graduate-entry medical program of the University of Wollongong (UOW) [28] and cases are developed around 93 core clinical presentations (e.g., headache, chest pain, lump). Supporting the core presentations are the themes of clinical competencies, medical sciences, research and critical analysis (RCA), and personal and professional development. Educational and scholarly activities frequently incorporate issues of public health importance, including topics such as vaccination, social determinants of health, chronic disease, cardiovascular health, cancer control, population based-screening programs, and smoking cessation. Students thus acquire knowledge, skills and attitudes in a way which could promote the effective application of public health to clinical practice and specific health topics.
Public health knowledge, skills and attitudes come together even further, as part of the Research and Critical Analysis (RCA) theme which supports the students' learning of aspects of epidemiology, evidence-based medicine, critical appraisal, and public health investigative skills [29] . Where possible, specific public health examples are incorporated in case-based learning using examples relevant to the clinical topics being studied, e.g., discussion about the epidemiology of an outbreak of Legionnaires disease during a respiratory disease case. Similarly, within the 'gastro-intestinal' body system block, students learn about population-based screening and the concepts of specificity and sensitivity during large-group sessions and journal club activities relating to population-based screening using faecal-occult blood testing.
Research during the Longitudinal Community-Based Placement
In the students' final years, a capstone research project is a required assessment task and builds on prior learning of the first 2.5 years of the course [29] . This activity is undertaken over a 12-month period in one of ten locations in New South Wales, Australia (Phase 3) [30] . These locations vary from large urban centres (non-capital city) through to regional and rural communities [31] . The aim of the student research, supervised by experienced research academic staff [29] , is to undertake a project of relevance to the community placement location. The prior learning of public health skills including statistics, critical appraisal of literature and epidemiology underpins the knowledge base required for the research projects.
When undertaking their research, students employ research principles of literature searching, development of a research idea and method, gaining research ethics approval, statistical or descriptive analysis, report writing, and dissemination and communication, including a presentation to peers and academics, and often to community members in the placement location. The outputs required by each student are the research question and project proposal, human research ethics submission and approval, a final journal-style report, and poster and oral presentations. Students are able to self-select their topics for research.
Investigation of Abstracts
We investigated the nature of the research topics undertaken by the students since the inception of the UOW medical program by analysing each student's 250-word abstract submitted with the research report. The abstracts represented 519 individually completed research projects from the first eight cohorts of medical students, who completed Phase 3 between 2010 and 2017. The text was analysed for specific health topic and research method employed. Although the projects sometimes covered more than one health topic, the predominant health issue for each project was identified for this analysis. These predominant health issues were then mapped against the Australian national health priority areas of dementia, obesity, arthritis and musculoskeletal conditions, asthma, diabetes, mental health, injury prevention and control, cardiovascular health and cancer control [13] The national health priority areas represent a significant contribution to the burden of disease, illness and injury in the Australian community, and a particular cost impost on regional, rural and remote Australia [32] . Addressing medical workforce mal-distribution in rural areas of Australia is a mission of the UOW medical school [33] .
The remaining research topics not allocated to the national health priority list were then scrutinized to identify whether they represented other population health issues, such as those that may have impact on quality of life; impact on morbidity and mortality statistics; are preventable or modifiable; have an impact on society; or affect whole groups. These broad groupings of issues fall under the categories of 'public health domains' [34] . The nine public health domains include communicable disease, healthy growth and development, lifestyles and health, and sexual and reproductive health. Research topics that fell under the domains of mental health and wellbeing or substance abuse were included in the earlier mapping against the national priority health area of mental health; and those that fell under the domain of injury prevention were similarly allocated to that respective national priority health area.
Results
We found that just over half (51.8%) of the medical student project topics specifically related to Australian national health priority areas ( [13] ; Table 1 ). A further 28.5% of topics also related to specific population health issues under the grouping of public health domains [34] (Table 2) . Importantly, within these topics, there were 34 projects (6.6% of the total projects) that specifically looked at the issue of access and equity of health care for Australian rural communities. Other topics investigated by 7.2% of the medical students were medical education in placement communities, doctor workforce issues, and Indigenous health. Table 3 outlines the research methods employed, which included community-based surveys and interviews of patient knowledge, experiences and attitudes (52.1%), clinical audits (36.3%), focus groups, interventions, and literature and systematic reviews. 
Discussion
According to The World Health Organisation, public health is a "social and political concept which aims to improve health, prolong life and improve the quality of life of whole populations through health promotion, disease prevention and other health intervention activities" [35] . Based largely in general practice, the longitudinal clinical placement experience of UOW medical students described here is an opportunity to experience public health first-hand [36] . General practice is the setting for priority public health issues to be observed and managed, including chronic disease care, population health screening and intervention activities, and mental health encounters [37] . Community-based longitudinal clinical placements are thus valued as situated experienced-based learning, including engagement and relationship-building, both formal and informal learning, and extension into the community, enabling our future doctors to be educated to notice and understand links between medical and social issues within their communities and beyond [38, 39] .
A Canadian study of medical students' perceptions of public health education revealed that students would prefer a public health curriculum that was more challenging and applied, with field experience and exposure to community-medicine physician role models [40] . The community-based research experiences reported here during long-term clinical placements represent an authentic 'field' experience of public health, including identifying public health issues, investigating the impact of interventions, and developing skills in public health methods. The great majority of the research topics investigated directly related to public health or are national health priority areas in the Australian context. These experiences support Woodward's assertion that practical demonstrations of the application of public health principles to clinical problem solving may be most effective in demonstrating the relevance and importance of public health to medical students [41] . The topics selected by students for research were mapped against two frameworks: the Australian national health priority areas [13] and the National Public Health Partnership's framework for public health practice [34] . The topics could equally have been mapped against the Australian Institute for Health and Welfare's definition of public health, namely activities as those that are focused on "prevention, promotion and protection rather than on treatment, on populations rather than on individuals, and on the factors and behaviours that cause illness and injury rather than the injury itself" [42] . These are classified by AIHW under health and welfare expenditure on public health undertaken or funded by key jurisdictional health departments. Regardless of the framework used, the topics represent learning opportunities for students to better understand both public health issues and methods to investigate them. The 6.6% of project topics relating to access and equity in providing healthcare in rural areas demonstrates the benefit of being placed in an under-served community for recognising specific health issues faced by such communities.
All student projects incorporated one or more research methods, such as sampling, epidemiology, statistical analysis, research ethics, and other methods of enquiry such as qualitative research and health care evaluation. Thus, the research activity involved not only investigating topics of public health relevance but engagement with, and use of, a range of public health methods and approaches. Undertaking community-based research can provide students with the opportunity to develop skills as 'clinician researchers'. The community-based, population health focus of research during medical education challenges the common perception of a clinician scientist being the laboratory-based specialist, seeking large funding grants and space for benchtop research [43] . Generalist practitioners in any setting can be researchers [44, 45] . Seeking to identify and understand issues of public health relevance in a community setting is a critical form of research. Moreover a research-aware practitioner can promote early translation of research findings into clinical practice or can engage with other researchers to investigate an issue that has become apparent through observation. It is well recognised that early exposure to research is an important element in the development of clinicians who are research-aware and research-active [46] . Moreover, understanding the importance of ethical conduct of research can develop good practice amongst early-career researchers [47, 48] . Thus, all UOW students are required to submit a human research ethics application before undertaking their community-based research and are mentored by experienced academics.
The Ottawa Charter for health promotion describes key actions that include creating supportive environments for health, and enabling, medicating and advocating [17] . The research approach of over half of the medical student projects involved engagement with the students' communities through surveys and focus groups, and some of the student findings have been incorporated into locally relevant interventions, such as fact sheets. Medical student research within the medical education curriculum can thus work towards enabling health improvements as per the Ottawa Charter.
Published research has already shown statistically significant improvement in UOW medical students' research capability over the course of their longitudinal research experience [29] . Some medical students have already disseminated their findings as peer-reviewed journal publications and conference presentations [29] , and their undertakings also allow improved research opportunities and increased research capacity of the regional and rural practitioners, hospital and medical practice staff supervising the students and engaged in local research as scholars and collaborators [49, 50] . Further, the process has spawned opportunities for recent UOW medical graduates to mentor current students. One recent graduate of the program has initiated research during internship and is currently providing opportunities for two medical students to collaborate on the project, as part of their student research projects.
Developing interests and skills in public health may enable medical graduates to advocate for public health across a wide sphere. For instance, global recognition of the link between the environment and health provides an opportunity for doctors to contribute their research and communication skills to the preparation of submissions about urban planning and housing development applications in their communities, for example, promoting the need for safe walkable streets, green space, good quality air and activities suitable for all ages and mobility [51] . The cultural authority of doctors is respected and recognised, so they are well placed to advocate for waste reduction and lessen the environmental impact of hospital and healthcare centres [52] . Health advocacy could include negotiation with fast food industries regarding healthy food options, or working with business to help the unemployed access industry experience. Helping to secure employment opportunities could help to mitigate against mental health issues in the long-term unemployed [53] . Fineberg (2011) described six ways that public health education and medical care are linked: through the science of epidemiology, including understanding of and application of medical literature; through the influence of environmental, social, psychological and other factors on health; through appreciation of the role and impact of public health interventions; understanding cultural sensitivities; employing systems thinking; and the broad array of career and experiential opportunities for medical graduates to engage in issues of public health [54] . The results presented here clearly reveal it is possible for medical students to engage in public or population health research in the community as part of their medical education. Establishing relevance through experiential learning demonstrates to students the meaningful intersection between medical education theory and teaching of public health and the principles of public health practice.
The contemporary public health challenges of global disparities in health, medication safety, climate change, obesity and diabetes epidemics, an ageing population, and returning and emerging infections are on our doorstep, and our doctors and other health professionals need to be able to recognise these issues and respond to individual and community needs, and importantly, they need to have skills and confidence to be advocates in areas of policy and public health funding. Ness (2011) suggests that the solutions to these crises require significant innovation [55] . The first steps in this process are education during training and provision of opportunities for students to learn by experience. Thus, medical education should reflect the values of the Ottawa charter for health promotion, and the importance of developing health promotion skills of junior doctors.
It is essential to look to the future to ensure our graduating doctors and other health professionals are capable of meeting public health challenges as they arise. In addition to innovation as Ness advocates [55] , educators should celebrate and support alternative ways for health professional graduates to be advocates for public health. The program described above to engage students in authentic and relevant research is applicable across all health professional education [35] . It can also support other novel approaches to research: doctors and other health professionals can engage with their community, not only in benchtop or community-based research, but also in citizen science activities, fast becoming a popular community occupation with potential to increase engagement with, and acceptance of, science across the demographic spectrum [56] . Improved technology allows public health advocacy to be more adventurous and to have wider acceptance, for example by using photo voice, or digital storytelling, or developing aspects of medical humanities as a vehicle for public health awareness [57, 58] . Beyond their communities, graduates can link into news and advice alerts such as from the World Health Organisation and be influential in advocating for improvements at a global level.
Conclusions
While much of the core of medical education reflects the doctor:patient individual care model, there is a place for involving students in public health practice during training. Undertaking a community-based research project during a longitudinal clerkship placement allows students to see the impact of health issues at a population level, build confidence and capacity in engaging with community members, develop skills as clinician researchers, and realise their potential to make a difference to their communities and beyond.
Author Contributions: K.W., J.M. and P.M. conceived and designed the data collection and analysis; K.W. analyzed the numerical data and wrote the first draft of the paper; W.R. provided support for the data collection and analysis; all authors contributed to the final manuscript.
Conflicts of Interest:
The authors declare no conflicts of interest.
